Schluter, D., and Gow, J.L. (2006 The olfactory bulb is one of the few areas of the mammalian brain that recruits new neurons into its circuitry throughout life. The adult-generated neurons, however, do not originate in the olfactory bulb itself (Figure 1 ), but rather in a specialised stem cell niche, some distance away from the olfactory bulb, adjacent to the lateral ventricles of the brain [2] . This stem cell zone is known as the Sub-Ventricular Zone (SVZ) and lies just subjacent and parallel to the ventricular surface. From here, new-born neuroblasts migrate in chains of cells towards the anterior end of the lateral ventricle. There, the many chains of migrating cells that lie close to the ventricular surface merge into a single stream directed anteriorly away from the ventricle and towards the olfactory bulb. This stream is known as the 'rostral migratory stream'.
Sawamoto et al.
[1] compared the patterns of neuroblast migration to the flow of cerebrospinal fluid in the adjacent ventricles using dye injection and analysis of the extended morphology of migratory neuroblasts in fixed tissue. This revealed that the direction of migration of new neurons in the SVZ closely matches the cerebrospinal fluid flow in the lateral ventricle, which is especially striking in the dorsal region of the ventricle ( Figure 1A ). In fact, adjacent to the anteriormost border of the ventricle almost half of the neuroblasts are surprisingly aligned ventrally away from the entrance to the rostral migratory stream, which correlates with the direction of the cerebrospinal fluid flow in this. Whether these anteriorventral cells eventually find their way into the rostral migratory stream or have another fate is not known. While these observations demonstrate a common directionality of cerebrospinal fluid flow and olfactory neuroblast migration, they do not provide insight into whether the flow is instructive for migration.
Cerebrospinal fluid flow is driven by the beat of cilia that protrude from the ependymal cells that line the surfaces of the ventricles ( Figure 1B) . Thus, if cerebrospinal fluid flow is really directing cell migration, mutations affecting the cilia should also alter cell migration. Mice mutant for polaris, a gene essential for cilia assembly [3] , have only very few functional cilia and thus cerebrospinal fluid flow is negligible in the lateral ventricles. In polaris mutants, the chains of migrating neuroblasts are severely disoriented ( Figure 1A ) compared to normal mice and this was particularly evident subjacent to the dorsal rim of the lateral ventricle -i.e. the region where migration normally most closely matches cerebrospinal fluid flow. Thus cilia function, fluid flow and directed cell migration do appear to be causally linked.
Despite abnormalities in the migratory chains of polaris mutant mice, some neuroblasts still do make it into the rostral migratory stream and even the olfactory bulb. But cell tracking experiments show that in polaris mutants only 9% manage to reach the olfactory bulb after 5 days, as opposed to 65% in normal mice. This suggests most SVZ neuroblasts cannot make it to the rostral migratory stream in the absence of normal cerebrospinal fluid flow. Those cells that do manage to join the stream, however, are properly oriented towards the olfactory bulb, suggesting this part of their route is not dependent on fluid flow. In a couple of nice grafting experiments the authors show that this is indeed the case and that the cause of the migration defect in polaris mutants does not lie in the migrating cells themselves but rather in the SVZ environment that they must migrate through.
How does fluid flow in the ventricles affect the migration of cells physically separated from the cerebrospinal fluid by the ependymal cells lining the ventricle surface? The cerebrospinal fluid is produced by the choroid plexus -a highly vascularised, secretory epithelial tissue that dangles down directly into the brain ventricles. The choroid plexus is a source of chemorepulsive signals capable of directing SVZ cell migration in vitro [4] . The choroid plexus is positioned in the caudal regions of the lateral ventricles -perfectly placed to supply a repellent that drives neuroblasts rostrally towards the entrance to the rostral migratory stream. Of course, this mechanism only works if the repellent secreted by the choroid plexus into the cerebrospinal fluid also has access to the SVZ on the other side of the ependymal lining.
Sawamoto and colleagues [1] have tested the hypothesis that the chemorepulsive protein Slit2 [4, 5] could be the repellent guiding SVZ neuroblasts. They infused a tagged version of Slit2 protein into the caudal region of the lateral ventricle in order to mimic the distribution of proteins secreted by the choroid plexus. Indeed, a caudal to rostral gradient of the infused protein was found both on the ependymal surface of the ventricle and, importantly, in the SVZ that lies just deep to the ependymal surface. This gradient could not be generated in polaris mutants, demonstrating that functional cilia are required for its production. Next they implanted an ectopic choroid plexus at the anterior extent of the lateral ventricle, which should inhibit the normal migration to this location. Indeed, most neuroblasts accumulated within the SVZ and only few were able to migrate to the olfactory bulb. This effect of the choroid plexus is likely to be mediated at least in part by Slit proteins, because choroid plexus from a mouse mutant for both slit1 and slit2 was less effective in inhibiting migration.
All of these observations are consistent with the view that chemorepellent Slit proteins secreted into the cerebrospinal fluid become distributed in a graded manner and can direct the migration of adult-born neurons towards the pathway that leads them to the olfactory bulb. This is a very interesting possibility but one or two issues remain to be resolved. For example, it is conceivable that in the polaris mutant the lack of cilial function throughout development could have disrupted some aspects of tissue polarity within the SVZ that we do not yet understand. If this were the case, then disruption of neural migration could still be due to factors other than disrupted cerebrospinal fluid flow. Furthermore, a significant amount of neuronal migration has been observed in slices of SVZ tissue maintained in culture [6] . Any gradients set up by cilial activity might be expected to dissipate rapidly into the culture medium under these conditions, suggesting that other more stable factors may also be present. Of course, the real 'heroes' of this story are the cilia that line the ventricular surface and whose co-ordinated beat wafts the cerebrospinal fluid and its contents round the ventricles in a consistent stream. The finding that cilial activity is crucial for the distribution of a developmental signal -in this case literally down-stream of adult neural stem cells -is reminiscent of how cilia in the early vertebrate embryo are responsible for leftright asymmetry of the body [7] . It appears that cilia may not only play important roles in directing the development of the vertebrate body plan but also in directing cell migration via the cerebrospinal fluid flow. It will be interesting to see what more surprises will flow from these versatile organelles.
